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EFFECT(l?EXHAUST-NOZZLEETMYKRSONTURBOrlETNOISEGENEMTION

ByWarrenJ.NorthandWillardD. Coles

EJmMAm

Enginenoiselevelsandjet-velocityprofileshave%eenobtained
withseveralturbojetexhaust-nozzleesectors.An insignificantreduc-
tionintotalsoundTowerwasrealized.At s~sonicnozzlepressure
ratios,totalsoundpowerfromexhaust-nozzleejectorsorbypassexit
configurationscanbe calculatedfromprimary-jetparametersonly.

IN’production

Acoustictestsof severalturbojetenginesandairjetshaveshown
thatthetotal.soundpoweremittedby a jetisnearlyproportionalto
theeighthpowerofthejetvelocity.Theoreticalworkofreference1
indicatesthatjetnoiseshouldalsodependupontheshearatthejet
boundary.Itisexpectedthatnearthenozzlellpthesoundgenerated
by thehigh-frequencyeddymotionisresponsibleforthehigh-frequency
componentsof jetnoise.At mibsonicpressureratiosthebulkofthe
low-frequencynoisecanprobablybe attributedtothelargeturbulent
eddyingmotionseveraldiametersdownstreamofthejetexit(ref.2).

Inanefforttoreducenoisewithoutreducingthecorevelocityof
thejet,modeljettestswereconductedto determinetheeffectofre-
ducedshearatthejetboundary(ref.3). Reducedvelocitygradients
wereobtainedby addinga constant-diameterexbensiontothenozzlewhich
resultedin“pipe-flow”velocityprofiles.At subsonicpressureratios
theresultantsoundlevelsmeasuredat300and900to thejetaxiswere
slightlylowerthanthesoundlevelsmeasuredfroma jetwitha flat
velocityprofile.Thisslightnoisereduction(2.5and0.5dhat30°
and90°~ respectively)wasapparentinspiteofan increasedjetdiamter
necessaryforequivalentthrust.

Theejectorisanotherdevicewhichwillmodifythevelocityprofile
ofa jet. Inmostjetaircraftanengineexhaust-nozzleejectorisused
forcoolingpurposes.Itwasdesirable,therefore,to investigatethe
effectofejectorson jetnoise.Thisreportgivestheresultsofsuch
an investigationwitha turbojetengine.
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APPARA!I!USANDPRocEDm

Theengineusedinthesetestswasanaxial-fluwturbojetwithan
over-allpressureratioof1.75anda sea-levelratedthrustof5000
pounds.Theenginewasmounted6 feetabovegradelevelina free-field
thruststand(fig.1),thatis,withno soundreflectingsurfacesnesr
thejet. Thecylindricalefitejectorsincorporatedejectorto~rimary-
nozzlediameterratiosof 1.2and1.4(fig.2). Eightspacingratiosof
ejectorlengbhtoprimsry-nozzlediameterweretestedat eachofthe
diameterratios.Thespacingratiosrangedfrum0.15to 1.50.

Engineinstrmnentationwasroutedtoa controlroomlocated100feet
fromthethruststandatthe2400azimuth,asshowninfigure3. Engine
thrustwasmeasuredby a strain-gageandpotentiometersystem.Engine
andejectorairflawsweredeterminedfromamibienttemperatureandpres-
suresurveyrakesattheengineinletandejectorannulus.Gastempera- ,
turesattheejectorexitandattheturbineoutletwererecordedona
flightrecorder.

SincethenozzlepressureratioEwerestisonic,theejector-exit
staticpreEsurewasassumedequalto ambientstaticpressureforaXljet
Machnuzibercalculations.

Measurementsofsoundpressurelevelsweremadeat150intervalcin
a 270°sectoraroundtheengine,as showninfigure3. No soundpressure
measurementsweretakenintheforward90°quadrantwherethecontrol
roomwaslocated.I?orpurposesoftotalsoundpowercalculation,the
soundpressuresinthetwoforward90°qpadrantswereassmedtobe
symmetrical.Thesoundpressurelevelswereobservedona GeneralRadio
CompanyType1551-ASound-IevelMeter200feetfromthejetnozzle.The
frequencydistributionofsoundpressurewasmeasuredat stations30°,
90°,1350,and18& fromthejetaxis:ta distanceof200feetfromthe
nozzle.Thedataweretakenwitha BruelandKjaerAudiolRrequency
SpectrumRecordertype2313_.Thefrequencyrangeforthisinstrumentis
from35to 18,000cpsandisdividedinto27one-thtidoctaves.The
spectrumrecorderwastransportedinanacousticallyinsulatedpanel
truck.l?riorto eachrun,theGeneral-Ratio=d ~~1 ~ Kjaerme*er-
microphonecircuitswerecalibratedwitha GeneralRadioCompanyType
1552-ASound-LevelCalibratorandGeneralRadioCompanyType1307-A
TransistorOscillator.

Thedecibelunitisusedhereintorepresentsouadpressurelevel,
spectrumlevel,andtotalsoundpowerlevel.Completedefinitionsand
formulasfortheseacoustictermsarepresentedinreference4. Sound
pressurelevel,basedona referenceof 0.0002dynepersqxwe centi-
meter,isindicatedby theGeneralRadioSound-LevelMeter,whichresponds
s=taneouslyto &U_frequenciesfrom20to 10,000cps. Spectrum
levelisthesoundpressurelevelina finitebandwidth(1/3octave)
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correctedto a unitfrequencybasis.Totalsoundpowerlevelinvolvesa
hemisphericalintegration(ref.4) of soundpressureandrepresentsaIl
thesoundpowerissuingfroma soundsource.Soundpowerlevelisbased
ona referenceof10-13watts.

RESULTSANDDISCUSSION

EjectorPerformance

Variationin jet-boundaryvelocityprofilesattheejectorexitwas
obtainedby vsryingtheejectorlengthfora givendiameterratio.Since
thevariationofover-allnetthrustwasinsignificant,themomentumin-
creaseoftheinducedsecondaryairwasnearlyequivalentto thelossin
momentumoftheprimaryjet. As showninfigure4, ejectormunminrzrates
increasedasle&th
itappearsthatthe
1.5spacingratio.
flowtoprimary-jet
ratiosforthe1.2-
cent,respectively.

wasincreased;however,ata diameterraZio-of–l.2
peakinthemass-flow-ratiocurvewilloccuratthe
Mass-fluwratioisdefinedastheratioofsecondary
flow. At themaximumejectorlength,mass-flow
and1.4-diameter-ratioejectorswere23and39per-

Theejector-exitvelocityprofilesatratedenginespeedforthe
1.2-and1.4-diameter-ratioejectorsareshowninfigures5(a)and(b),
respectively.Inorderto investigatetheprimsry-jetboundaryinmore
detail,a closelyspacedtotal-pressurerakewasinstalled;andthe
resultantMachnumberprofilesareshowninfigure6. Thel.kchnmber
profilesare.shuwnforthreevaluesofenginespeed.Nesrthejet
boundarythevelocityandMachnumbergradientsdecreasedwithincreasing
ejectordiameterratioandspacingratio.Thejetvelocitycontinually
decreasedradiallyoutwardfromthemainbodyofthejet. Sincea te-
mperaturegradientalsooccursnearthejetboundary,theMachnumber
profilesshowa peakneartheboundaryforthesmallerejectorspacing
ratios.

EjectorSound’PressureMeasurements

Typicalpolarplotsof soundpressurelevelareshowninfigure7
forthetwodiameter-ratioejectorsat variousspacingratios.The
soundfieldforthestandardengineisalsoshown.At a givenazimuth
onlyslightvariationssrenotedamongtheejectorandstandard-engine
soundlevels.Withoneexceptionalltheejectorscauseda slightde-
creaseinmaximumsoundpressurelevel,whichoccurredatthe30°
azimuth.Theexceptionwasan ejector(fig.7(b))witha spacingratio
of0.90thatcreatedacousticresonanceandtherebyproducedhigher
soundpressurelevelsovertheentirefield.

.
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Inorderto
surevariations,

obtainan insightastothecausesofthesesoundpres-
-thespectrumlevelswereexamined(figs.8 and9). The .

spectrumdatafiepresentedforratedenginespeedatazimuthanglesof ‘
30°,90°,and1350andatan observerdistanceof200feet. Inthecase
ofthe1.2-diameter-ratioejector(fig.8(a)),itcanbe seenthatat
the30°azimuththereisa generaldecreaseinspectrmnlevelforfre-
quenciesbetween230and370andalsoforfrequenciesabove1000cycles.
Thehigh-tiequencyattenuationisa~arentto a lesserextentwiththe
1.4-diameter-ratioejector,as showninfi@re 9(a).At the90°and1350
azimuthangles(figs.8(b)and (c)and9(b)and(c))thishigh-frequency Sm
attenuationisnotapparent.Thepreviouslymentionedresonanceassoci- Kl
atedwiththe0.9-spacing:ratioejectorisseenasa discrete160-cycle
frequencyatthe30°azimuthinfigure9(a).At 90°and1350(figs.
9(b)and (c),respectively)thisresonanceabo includesthe125-cycle
band. Thehigh-frequencyattenuationismostpronouncedwiththe
longestejectors,butthelow-frequencynoisewasingeneralunaffected
by anyoftheejectorconfigurations. 7

Thespectraldistribtiionofsoundintensityatthe30°azimuthfor
thestandardengineisshowninfigure10. Theordinateofthefigure ->.
iscumulativesoundintensity.Thenearlyverticalpo?%ionsofthe
curveindicatef!requencybandswithlargenoisecontent.Forthefre-
quencyrangeswhereintheejectorscausenoiseattenuation(230to 370
andabove1000cps),only10_percentofthetotalsoundintensityis
involved.Since10percentofthesoundintensitycorrespondsto only
1/2decibel,littlesoundreductionispossibleby reducingthesound
intensityinthosefrequencyranges.Thisineffectivenessoftheejec-
torsasnoisesuppressorsisalsonotedinfigure7,whichshowsinsig-
nificantattenuationatthe3@ azimuth.

Althoughdecreasedvelocitygradientsattheejectorexitswerenoted
as ejectorlengthincreased,itmustbe rememberedthata regionof in-
tebe shearexistedinsidetheejectorshroudnesrtheprhary-jet
nozzle.Theintensityofthisinternalshearregionwasreduced,how-
ever,asthepumpingrateormass-flowratioincreased.Itwouldbe
expectedthatthepreciouslymentionedhigh-frequencyattenuationcould
be partiallyattributedtothereducedvelocitygradientsbothwithin
theejectorandattheejectorexit.Someattenuationmaybe dueto
reflectionofthehigh-frequencypressurewaveswithintheejectorshroud
andalsotothepassageofthesewavesdownstreamthroughthediverging
pr=y jet.
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TotalSoundPowerLevels

,,J

Infigure11 ispresentedthetotalsoundpowerlevelsintermsof
wattsanddecibelsfortheejectorsaswellasforseveralfsmi~aren-
ginesoundpowerlevelswhichareincludedforcomparisonpurposes.The
afterburnerlevelwasdeterminedfromthedatainreference5. Allthe
soundpowerdataforthevariousexitconfigurationswereobtainedwith
thesameengine.

Transitionfromratedengineoperationtomaximum-thrust~erburner
operationresultedinan increasefrom168to 177decibels.Throttling
fromratedenginespeedto 80percentratedspeedresultedinan11-
decibeldecrease.Incontrastwiththesesignificantsoundpowervari-
ations,alltheejectorsoundpowerlevels,withoneexception,range
betweenzeroand2 decibe~belowthestandardenginelevels.Although
thelongerejectorscaused~eaterhigh-frequencysoundattenuation,
therewasonlya slightdownwardtrendinthetotalpowerlevelas
spacingratiowasincreased.Theseresultswere.expectedsincethe
soundpowerinvolvedinthehigh-frequencyrangeisbuta smallpartof
thepowerintheover-allspectrum.

Thetheoreticalworkinreference1 indicatesthatforstisonic
pressureratiosthetotalsoundpowershouldbeproportionalto the
Lighthi~parameter

p$’

4?
where

Po auibientairdensity

A nozzle-exitarea

v jetvelocity

a.
ambientacousticvelocity

InfigureI-2thetotalsoundpowerlevel-afromfigure11areplotted
againstthisLighthillparsmeter.Thecurvewasdrawnthroughthedata
pointsobtainedwiththestandardnozzles.Whentheparametervalues
fortheejectorswerecomputed,thegoverningfactor,jetvelocity,was
calculatedfrommeasuredthrustandprimarymassflow. It canbe seen
thatallthesoundpowerdatafallwithin2 decibelsofthestandard-
enginecurve.In contrast,whentheparameterwascomputedonthebasis
oftheejector-exitareaandtotalmassflow,a maximumdeviationof 6
decibelswasappsrent.It isevident,therefore,thatthesoundpower
generatedbyanexhaust-nozzleejectorcanbepredictedfromthecharac-
teristicsoftheprimaryjet.

—— .— —. . —.—.——. .—
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CONCLUDINGREMARKS

In orderto determinetheacousticeffectsof jet-exitejectors,an
exper~ntalprogramwasconducted
yresented:

1.No significantdecreasein
useofejectorswasfoundwhenthe
nozzlepressureratios.

andthefollowingconclusionsare

jet-enginenoiseassociatedwiththe
soundyowerwasevaluatedat subsonic

o—
2.Theejectorshroudsdecreasedthehigh-frequencyportionofjet %m

noise.Sinceonlya smallpartofturbojetnoiseoccursinthehigh-
frequencyspectrum,thisreductionh high-frequencynoisecausedlittle
reductionintotalsoundpower.

3.Regardlessoftheedt configuration,thegoverningfactorin
jet-noisegenerationwasthevelocityoftheprimaryjet. Whentotal

“

soundpowerwasplottedagainsttheLighthillparameterfortheprimary
jet,thedataforalltheexitmo~icationsshoweda variationofonly
2 decibelsfromthestandard-nozzlecurve.

4.Recentunpublishedejectordataobtainedwitha modelairjetat
a dismeterratioof1.4andspacingratioof1.5showsignificantde-
creasesintotalsoundpoweratnozzlepressureratiosinexcessof3.0.
Sinceconventional_operationofmostjetaticrsftdoesnotresultin
highnozzlepressureratiosatlowaltitude,theuseofejectorsathigh
pressureratiosisnotapttobringaboutsignificantnoisereductionas
observedfromtheground.

5.Thepresenceofthelow-velwityouter-annularjethasbeencon-
sideredtobe an importantfactorinthepotentialnoisereductionas-
sociatedwiththebypassengine.Sincebypassjetflowcanbe somewhat
simulatedby exitejectorflow,itwouldappearthatformoderatebypass
mass-flowratiostheprimaryjetratherthanbypassinteractionwill
largelydeterminethebypassenginenoiselevel.Sincetheprimaryjet
ofa bypassengineoperatesata lowervelocitythanthatofan equivalent-
thrustturbojet,thebypassengineshouldproducea lowernoiselevel
prlmarilybyv&tue ofthelowerenergylevelintheprimaryjet.

LewisFlightPropulsionLaboratory
NationalAdtisoryCommitteefor

Cleveland,Ohio,August9,
Aeronautics
1955
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